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how one reconciles the spindle fusion
experiments with models in which
gradients play a major role in
determining spindle size and shape.
The results of the study by Gatlin et al.
[11] also suggest that, if a spindle
matrix exists, it is not likely to be a rigid
scaffold but should be a structure
capable of allowing reorganization
and recovery of the spindle upon
mechanical perturbations or fusion.
Thus, it seems more likely that the
mechanism for spindle size control is via
microtubule length and overlap control,
achieved by the concerted action of
motors and microtubule-associated
proteins. However, several questions
persist and we are unable to fully explain
the observed spindle fusions.
Continued biochemical and biophysical
characterization of the key molecular
players, combined with controlled
mechanical perturbations of the spindle
should shed more light on the ‘funny
math’ of meiotic spindle fusion.
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Sperm competition has led to spectacular adaptations in males and their
ejaculates. A recent study of Tanganykan cichlids provides compelling
evidence that sperm competition can drive the evolution of faster, longer
sperm.Tommaso Pizzari
Competition over access to females
has led to extravagant male
adaptations — it was precisely to
explain the evolution of such
adaptation that Darwin proposed the
idea of sexual selection [1]. Less
obvious to biologists have been
adaptations driven by the competition
for fertilization between the ejaculates
of different males, a type of sexual
selection known as sperm competition
that was discovered only relatively
recently, thanks to the realization that
females often mate promiscuously
[2,3]. The past twenty years have
witnessed an explosion of empirical
investigations that have revealed the
signature of sperm competition in the
evolution of a whole suite of male and
ejaculate traits. We now know that,
as predicted by theory [4], sperm
competition can lead to the evolution
of increased investment in sperm
production at a macroevolutionarylevel (for example [5]), and to economic
strategies of ejaculate expenditure
by individual males tailored to the
socio-sexual context of each
copulation [6]. Sperm competition
may also underpin the evolution of
more puzzling traits such as spermless
copulations [7] and infertile sperm [8].
But demonstrating the effect of sperm
competition on sperm function and
design has proved surprisingly difficult.
A recent study by Fitzpatrick et al. [9]
has produced unequivocal evidence
that sperm competition has led to the
evolution of faster and longer sperm in
the cichlid fishes of Lake Tanganyka.
The study analysed intra- and
inter-specific variation in sperm length
and swimming speed of 29 different
cichlid species. The cichlids of some
East African freshwater lakes, including
Lake Tanganyka, underwent one of the
most spectacular and best-studied
radiations [10]. This presents a major
advantage for comparative studies:
a diversity of mating systems acrossspecies that have well characterized
phylogenetic relationships within
a single speciose clade and share the
same geographic origin. Different
mating systems are associated with
different degrees of average sperm
competition. In some species, such as
the Neolamprologus caudopunctatus
(Figure 1A), males fiercely guard
females before and after mating,
providing little opportunity for
competition among their sperm
(Figure 1B), while in others, such as
Telmatochromis vittatus (Figure 1C),
alternative male reproductive tactics
occur, and ‘sneaker’ males dart in
the territory of territorial males to
surreptitiously release their sperm
(Figure 1D) when a female spawns,
generating higher levels of sperm
competition. Similarly, in some
species, males help care for the
offspring, limiting their chances of
promiscuity, while in others, parental
care is provided exclusively by the
female, freeing males and their
ejaculates to compete for additional
eggs.
These drastically different mating
systems and fertilization modes are
characterized by different levels of
sperm competition that on average an
ejaculate is likely to face. Consistent
with this expectation, Fitzpatrick et al.
[9] found that males from species
characterized by higher levels of
Dispatch
R293sperm competition have larger testes,
a well known response to sperm
competition. They also found, however,
that the species with higher levels
of sperm competition produced
faster-swimming and larger sperm.
This is one of the most robust pieces
of evidence that sperm competition
may trigger a macroevolutionary
response leading to increased sperm
swimming velocity and flagellar length.
Intuitively both effects make perfect
sense: competition favours bigger,
faster sperm, right? Well, yes and no.
The results of Fitzpatrick et al. [9] are
deceptively simple. In reality,
theoretical predictions are more
complicated and this goes some way
in explaining why evidence for an
evolutionary effect of sperm
competition on sperm design has been
frustratingly ambiguous up to now.
Increments in velocity are expected
to increase the rate of sperm collisions
with ova; however, predicting whether
sperm competition will lead to faster
sperm is complicated by the potential
effect of sperm longevity and the
influence of velocity on longevity. If
we assume that sperm velocity is
traded-off against longevity, then
one would expect increments in
velocity only in situations when velocity
has a stronger impact on sperm
competition dynamics than longevity
[3]. In external fertilizers, such as
many of the cichlid species studied by
Fitzpatrick et al. [9], where sperm
must reach the ova quickly, velocity is
expected to be more important than
longevity. But the results reported by
Fitzpatrick et al. [9] provide no support
for the idea of a trade-off, and in fact
show that faster sperm tend to live for
longer across species, indicating that
in Tanganykan cichlids sperm
competition can simultaneously
promote both traits.
These results substantiate recent
evidence that sperm competition
promotes sperm that are both faster
and longer living in a range of species.
However, the mechanisms
underpinning this effect are likely to
differ markedly with fertilization mode.
For example, in the fowl, a species with
internal fertilization and prolonged
female sperm storage, the average
sperm velocity of an ejaculate reflects
sperm longevity, and relative sperm
velocity is a key determinant of the
outcome of sperm competition [11].
Here, faster sperm are better able to
reach the female sperm storage organsFigure 1. Lake Tanganyika cichlids.
(A) Neolamprologus caudopunctatus, a monogamous, biparental species in which fertilization
takes place externally, in excavated snail shells. Males fiercely guard females prior to fertiliza-
tions and stick around afterwards to guard the juveniles; their ejaculates are therefore likely to
face, on average, low levels of sperm competition. (B) N. caudopunctatus sperm. (C) Telmato-
chromis vittatus, a species with four alternative male reproductive tactics (pirate, territorial,
satellite, sneaker), characterized by a high level of sperm competition [13]. (D) T. vittatus sperm
(black scale bar represents 10 mm). Photo courtesy of J.L. Fitzpatrick.following insemination, and remain
competitive over time [11].
Even more ambiguous is the way
sperm competition acts on sperm size.
Intra-specific and comparative studies
have both given evidence for, variously,
a positive relationship, a negative
relationship, and no relationship
between sperm size and fertilizing
efficiency (reviewed in [3]). Theory
predicts that, because progressive
increases in the size of an individual
sperm cell result in diminishing returns
on its chances of fertilization, males
should optimize sperm size to
maximise overall fertilization success.
Competition between rival ejaculates
can shift this optimal size in either
direction: with increasing numbers of
competing sperm, males may be
selected to produce sperm larger or
smaller than the naturally-selected
optimum [3]. The ambiguity of previous
results may in part reflect these
divergent scenarios.
An additional limitation is the lack
of information on how sperm size
influences fertilization success: directly
or through an effect on velocity. This
problem is particularly relevant forinternally-fertilising species, where
interactions between sperm and the
female reproductive tract are often
complex and prolonged over time [11].
In such species the female environment
itself can exert considerable
pressures on sperm morphology both
independently from, or through
interactions with, sperm competition
[12]. Fitzpatrick et al. [9] were able to
circumvent some of these constraints
by exploring the relationship between
sperm length and velocity within and
across closely related species, most
of which are external fertilizers.
Fitzpatrick et al. [9] used a Bayesian
approach to estimate the likelihood of
the evolutionary routes that led to the
evolution of faster and longer sperm
in high-sperm competition cichlid
species. The results were surprising:
contrary to the intuitive expectation
that sperm become longer to swim
faster, the authors found that sperm
competition first leads to faster
swimming sperm, and fast-swimming
sperm are in turn associated with
subsequent evolution of larger sperm.
This result is supported by the fact that
within species, sperm length is not
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therefore, sperm size appears to have
evolved as a secondary adaptation to
sperm competition that is independent
of the initial increase in sperm velocity.
The reasons for this
macroevolutionary pattern remain
unclear. One possibility is that an
increment in speed may initially arise
by morphological rearrangements of
the sperm cell leading to higher thrust
and reduced drag, for example through
relative increase in the size of the
midpiece, the mitochondrial engine of
the sperm, and an optimization of the
midpiece:flagellum ratio. These initial
changes may have then set the scene
for further selection on overall sperm
length. Unfortunately, these sperm
traits are difficult to measure in cichlid
sperm and Fitzpatrick et al. [9] were
unable to test these ideas. It is likely
that resolving the mechanisms
underpinning such evolutionary
responses would require more
information on the evolution of sperm
morphology (for example, midpiece
mass, flagellum length), and on the
life-history trade-offs associated with
sperm investment that male cichlids
must have faced in their evolutionary
past. But while much still needs to beNatural Killer Cells
of Things Past
Recent work has revealed that natural
previously considered an exclusive pro
protective, natural killer cell memory is
than T cell memory.
David H. Raulet
The immune system is divided into
adaptive and innate components [1].
The adaptive immune response —
carried out by antibodies, T cells and
B cells — is characterized by virtually
unlimited diversity in specificity and
exhibits long-term, antigen-specific
memory responses when a pathogen
is re-encountered years later. Innate
immunity is carried out by many cell
types, including granulocytes,
macrophages, dendritic cells and
natural killer (NK) cells. As innate
immunity emerged as a field in recent
years, textbooks defined the cardinaldone to understand the evolutionary
operation of sperm competition, this
study represents a promising step
ahead.
Darwin did not intuit sperm
competition, so in a way this field
represents a particular acid test of
his evolutionary theory. He would
have taken studies such as that by
Fitzpatrick et al. [9] as a reassuring
bicentenary present, confirming that
his evolutionary theory is proving just
as successful in explaining patterns of
variation in sperm and ejaculate traits
as it has been in explaining the very
biological phenomena that inspired it.
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DOI: 10.1016/j.cub.2009.02.026that cannot produce T and B cells due
to defects in enzymes necessary for
rearranging T cell and B cell antigen
receptor genes [5]; their recognition
receptors do not undergo somatic
diversification and are specific for
predictable entities, such as ligands
displayed on distressed cells or
specific viral proteins [6]; they were
not thought to confer long-term
immunity to infections (memory).
In the adaptive immune system,
memory is intimately tied to clonal
diversity and clonal selection. For
example, the frequency of CD8+ T cells
that are specific for a viral antigen is
perhaps 200 cells of the 108 CD8+
T cells in a naı¨ve mouse, far too low
to provide immediate protection [7]
(Table 1). To provide any protection,
clonal expansion of these specific
T cells is crucial. Over a seven-day
period of infection, these 200 cells
expand at an astonishing rate, in
some cases reaching a ceiling of more
than 107 cells in the spleen alone,
representing a 4–5 log increase [7].
